Introduction

33
Pannexins are membrane proteins ubiquitously present in vertebrate 34 organisms. They were discovered in 2000 by sequence homology with the 35 invertebrate innexins [1] . They show structural similarities with connexins [1] but do 36 not seem to form gap-junctions in native cells ([2] and refs in [3] . Among the three 37 types of pannexins described to date, pannexin 1 (PanX1) is by far the most studied. 38
It is heavily expressed in the central nervous system, in both neurons and glial cells. 39
Its mRNA has been detected in the retina, the cerebellum, the neocortex and 40 hippocampus, in the amygdala, substantia nigra and the olfactory bulb, [4-6, 7 , 8, 9, 41 10 , 11] . PanX1 can be activated by cytoplasmic Ca 2 + , membrane depolarization, 42 extracellular ATP and K + , by mechanical stretch and caspase cleavage ( [12, 13 , 14] 43 and refs in [3] ). They can form large conductance channels of up to 550 pS [13] that 44 carry non-selective ion fluxes and are permeable to molecules up to 1 kDa, including 45 ATP itself [14, 15] , [16] . Once released, ATP can act on purinergic receptors or can 46 be further degraded into adenosine by ectonucleotidases. Thus pannexins mediate 47 auto-and paracrine communication, making them possible actors of retrograde 48 neuronal communication and modulators of neuronal activity, for example through 49 presynaptic adenosine receptors [17] . However, their exact physiological role 50 remains unclear. Evidence shows that they can initiate Ca 2+ waves, for instance after 51 mechanical stretch [13] , control the vascular tonus, regulate differentiation, cell death 52 and immune function [3] . In pathological conditions, they may activate the 53 inflammasome ([12] reviewed in [18] ), contribute to caspase-mediated apoptosis [19] 54 and ischemic cell-death [20] , and enhance epileptic seizures. They could also play a 55 role as tumor suppressors (refs in [3] ). 56
57
In the cerebellum, PanX1 proteins are heavily expressed, particularly in 58
Purkinje cells [7 , 10] [30, 31 , 32 , 33] . Sphingosine kinase, a lipid metabolism protein that 80 plays an important role in apoptosis, is also found selectively in Zebrin II-positive 81
Purkinje cells [30] . Overall, the proteins expressed in Zebrin II-positive Purkinje cells, 82 including Zebrin II itself, seem to confer these cells capacities to respond to sustained 83 neuronal activity and to the associated increase in metabolic demand. 84
In the present study, we use a type of antibodies directed against the extreme 85 C-terminal domain of PanX1 to investigate the distribution of PanX1 in the 86 cerebellum. These antibodies that had never been used in this structure reveal a 87 zebra-striped pattern of PanX1 in Purkinje cells. This differential rostro-caudal 88 expression,typical of the cerebellum, had never been described before for PanX1. It 89 suggests that PanX1s contribute to the adaptation of Purkinje cells to the increased 90 activity observed in the zebra stripes, and thus that pannexins may play important 91 functions in the physiology and pathophysiology of the cerebellum. 92
93
Materials and methods
94
Animals
95
The animals used were all adult (n=25) C57BL/6JRj males and females 96 C57BL/6JRj mice (from 8 to 12 weeks of age), purchased at Janvier Laboratory (Le 97 
Zebrin II (Aldolase C)
Recognizes a single polypeptide band of apparent molecular weight 36 kDa on cerebellum homogenates from all vertebrate classes studied with this Ab. We first verified the specificity of the PanX1 antibodies using western blot and 163 immunohistochemistry. In western blots of mouse cerebellar extracts, the PanX1 164 antibodies recognize a single ~ 43 kDa band as expected for PanX1 in brain extracts 165
[11]. This band disappeared after incubating the antibodies with a saturating 166 concentration of their immunogenic peptide (Fig 1A) . In the immunohistochemistry 167 experiments, the pattern of PanX1 labeling observed in sagittal cerebellar sections 168 vanished with increasing concentrations of the blocking peptide in a dose-dependent 169 manner (Fig 1B-E) . We also verified that the blocking peptide did not interfere with 170 the immunolabeling procedure by testing it with an antibody directed against 171 parvalbulmin ( Fig 1F) . As expected, the peptide did not affect the parvalbumin 172 labeling. 173
We next used the anti-PanX1 antibodies to assess the distribution of PanX1 in 174 the cerebellum. As a marker of Purkinje cells, we used the calcium binding protein 175 calbindin-D28k (CaBP). CaBP labeling also allowed us to verify the aspect of these 176 cells and the quality of intracardial fixation. Confocal images of sagittal cerebellar 177 slices made in the vermis revealed that PanX1 antibodies strongly label the soma 178 and dendrites of Purkinje cells (Fig 2A) , as previously observed [10, 34 ] . The 179 labeling was spotty and more concentrated in proximal dendrites (Fig 2A,B) . In distal 180 branches, it was also detectable in the vicinity of spines at the level of the thin spiny 181 branchlets (Fig 2B top insets) . Remarkably, numerous PanX1 spots seemed to be 182 located outside Purkinje cells themselves, in close apposition to their dendrites. This 183 is suggestive of a possible PanX1-mediated communication between Purkinje cells 184 spines and their afferences (Fig 2B top insets) . Molecular layer interneurons were 185 negative for PanX1 labeling (Fig 2B) . The radial processes of some -but not all -186
Bergman glial cells were immunoreactive for PanX1 (Fig 2B) . Granule cells were 187 devoid of labeling, but longitudinal sections revealed the presence of PanX1 in round 188 cell bodies of the granular layer, presumably from Golgi cells (Fig 2C) . In the deep 189 cerebellar nuclei (DCN), Purkinje cell axons were strongly immunoreactive for 190 PanX1, and some large cells immunopositive for CaBP were also reactive for PanX1 191 antibodies ( Fig 2D) . All these observations are in agreement with previous literature 192 [7, 10, 35, 36] . Purkinje cells were present, as attested by CaBP labeling (Fig 3A) . Mosaic 196 parasagittal images of entire cerebellar sections (Fig 3B) revealed a clear rostro-197 caudal gradient of PanX1 labeling, in contrast to the homogeneous CaBP labeling. 198
This was particularly obvious in the vermis, when comparing the rostral lobule III (Fig  199   3A) with the caudal lobule IX (Fig 3C) . (Fig 4) . In those longitudinal sections, the floculi, 213 parafloculi and Crus II regions consistently appeared PanX1 positive (Fig 4A,D) , 214 while lobules I to V displayed several little stripes of few immunopositive Purkinje 215 cells (Fig 4 B,C) . 216
The profile of PanX1 distribution in rostral longitudinal section being typical of 217 that of Zebrin II, we made double labelings of these two proteins to compare their 218 respective distributions using large scale mosaic imaging (Fig 5) . 219
In parasagittal sections, the overall distribution of PanX1 matched that of 220 Zebrin II (Fig 5A) . This was clear from lobule VIb to the posterior tip of lobule VII, and 221 in lobules VIII to X, where Purkinje cells where almost uniformly labeled. In other 222 lobules, there was sometimes a difference in the intensity of staining, which was 223 likely due to different subcellular distributions of Zebrin II and PanX1. However, 224 examination at higher magnification showed that the boundaries of strongly 225 immunoreactive bands and weakly immunoreactive (or unreactive) bands were very 226 similar for these two markers. 227
We made longitudinal sections in the rostral, medial and caudal parts of the 228 cerebellum to verify if PanX1 and Zebrin II distributions matched over the whole 229 antero-posterior structure (Fig 5B-D) . In rostral regions, most Purkinje cells were 230 Zebrin II-negative and PanX1-negative (Fig 5B) . In the vermis, the midline and the 231 two lateral Zebrin II-positive bands on each side (presumably P1+, P2 +, P3+ 232 according to [38] ) were PanX1-positive and were separated by broad PanX1-233 negative bands (lobule III or IV). In medial and caudal sections, staining in lobules 234
VIb, VII and X was uniform and dense across Purkinje cells (Fig 5C and D) . In lobule 235 IX, the midline and the two lateral Zebrin II-positive bands were also PanX1-positive 236 (Fig 5D) . Sections through the posterior and the nodular cerebellum showed perfect 237 match between PanX1-and Zebrin II-positive Purkinje cells (Fig 5D) . 
